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^nuAxncMWTTH According to a second aspect of the invention, the 

MONEY HANDL^^ SM ™ inte rfac2 across te first and second port may implement 

PERIPHERAL POK1 ^ ^ ^ ^ ^ may ^ pnysica ]ly 

^present — rentes to a mecfiamsm for han- ^ f ^^«SirW £ 

SSSSTa unit 3 a pon Snec^le to a controUer copies at lea sTthose signals addressed to the second unit, and 

State maS. For example, a coin changer validates P ferably ^ signa ls, from the first port to the second port, 
Ss and oumuts a signal on the port indicating the value of ,„ » hile responding t0 signals addressed to the first umt on the 

acceotable coins received. The machine controller receives fim ^ ^ ± e second umt to function correctly 

sienals from a user interface indicating the goods selected, when - s ph y S i ca Uy connected to the second port, 

determines the price of the goods, compares the price with Acc0 rding to a third aspect of the invention, the second 

the value of coins received, and determines whether there ^ ^ a device of g first ^ mA ^ first unit converts 

has been an overpayment. If so, the machine controUer sends ^ween communications on the second port with the second 

a signal to the changer port indicating the value of change to ^ communications on the first port representative of 

be given. The changer or the machine a unit of a second type different from the first type. This 

what combination of coins is to be dispensed to make up ttus oftbe first type to be used where the machine 

value, and the changer dispenses that combination of corns. d , recognise units of the first type but does 

to"^^™*^^, c SS.'Sr^SS S Z, £»S Z * v^e, to . second 

™TLnd allow commands to be issued to the peripherals ^d second denominations. 

Tte veniTma hrcontroUer and status reports to be Arrangements embodying the invention wtf nowj* 

Snfback bTte peripherals to the controUer. described by way of example with reference to the accom- 

However there are many vending machines already in pan ying drawings, in which: 
,,«■ in which the input/output port of the vending machine 3Q HG j is a schema tic diagram showmg the connections 

controUer complies with an obsolete standard or does not between a vending mac hine controUer, a changer and further 

support multiple peripherals, so that the machine cannot be money handling units in embodiments of the present inven- 

uperaded by adding peripherals. uon; 

With the introduction of the Euro, there wdl be a need to ^ 2 ^ & schemanc diagram showmg the internal 

add peripherals for vaUdating Euro banknotes to machines e , ecm)nic ^gemem of the changer, 

which currently can accept only corns. There will also oe a HG 3 is a cut-away front view of the changer showmg 

greatly increased need for machines to accept payment m com . h andling apparatus; 

more than one currency. Moreover, as te u se o ■pre-paid or ui ^ ^ rf , yending machine incorporating 

debit cards becomes more widespread, but cash conunues to er . -_ d 

bTused, there wiU be a need to add card readers to machines *'^f e J "* cgMmf side view of the front panel 

which currently accept only cash. ^^ua a Q f the vending machine of FIG. 4. 

According to the present invention there is provided a of te »gma ^ embodimem of 

first money handling unit which has a first port for coimec- 2 ^ pl for connect i 0 n to a 

nontoamachmecontro^ .SffiSSS controUer 130 L a communication line C 

to a second money handling umt. In this way, al I least one e g validates coins or tokens and 

further unit may be added to a machine without the need to 45 The change no re ^ ^ 

alter te interface between te machine controUer and the mteates ^ ^ ^ pJ ^ changer m ^ 

first unit t , o rr i n ted coins as change, in response to commands received 

According to one aspect of te present mvendoi, te ^f c ° 0 ^ r !3 0 over the first port PI. These corn- 
second port is collectable to any °"e of a number of Jj^~J2c«e the value of change to be given, or the 
different money handling units, and may implement a suigle 50 m^ds maym according to the 
standard interface for such a connection. An advantage of speafi^ ^Jte* used over te first port PI. 
to arrangement is that, where te machmeconU-oUerunot interface » a u second port P2 which 
abletocommunicatedirectiy ^^f^'T^ Dro ^ e s aTSerface compatible with te MDB protocol. 
m0 ney handling unit, te first money handjng unit accord- F^" s ^payment units of different types 
i„g to this aspect of te invenuon provides the required 55 ^conlmg^^^ ^ ^fj ^ ^ ^ m ) 
connectivity instead. without havine to reconfigure or reprogram the host. Instead, 

1„ embodiments of te invention, the first money han- ^^^Zs ^^ected devices, each of which 

dling unit is a changer which validates and dispenses corns te host m^ares ^ ^ 

Sens, while te second money handling umt may be a Wtefa?«tad by te MDBsLlard. The host is 
banknote validator, a card reader or a further changer, for 60 «^ *^ d ^ * ^ of commands and responses 

example. . airoroDriate to each type of device. The devices supported 

The interface across te second port may implement a ^ropriate to ea yy* ^ ^ 

different protocol from that implemented across the tel acceptor different types or of te 

portandtefirstumttenconvemsignakbe^ d^nse* c ^ ^connected and operated simultaneously via 

Protocols, in this way te second unit, although mcompat- 65 same J me change r 110. The pin connections of 

ible with te conox>Uer, may be used in te same system as J^^"* ™ X: 
the controller. 
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TABLE 1 



TABLE 2-continued 



Pin 



ond Port MDB Pinout 
Function 



MDB Connector Pinout 



Pin Function 



34 V DC (Supply from Changer) 
0 V DC (Supply Return) 
Not Connected 

Master Receive (input to changer) 
Master Transmit (output from changer) 
Common (Signal Return) 



10 



15 



25 



The second port P2 includes a physical connector 440, 
such as a socket, complying with the MDB standard, and an 
interface adaptor 430. 

The chancer 110 can be configured to implement any one 
of a number of different standard interfaces over the first port 
PI in order to match the interface of the controller 130 to 
which the changer 110 is to be connected A separate 
mterfaceadapterisprovidedwimmAechangerllOto 
respective standard supported by the changer. A cable co^ 
nector and a port connector appropriate for the desired 
standard is plugged into the appropriate ^ erf ^ ada P 1 ^^ 
controller within the changer recognises which interface 
adapter is in use and automatically runs protocol software 
ap^ate "o that standard. THe software for each standard 
is stored within the changer 110. 

PIG 2 shows the electronic connections within the 
changer 110. A microcontroller 400 is connected to we first 
£5 'ourth interface adapters 410, 412 414, 416 which 
convert between the low voltage inputs and outputs from the 
microcontroller 400 and the input and output voltages 
Quired respectively by first to fourth interface standaris 
with which the first port PI complies according to te 
configuration of the changer. A first port connector ^ 420 
which complies with the physical requirements of the 
required interface is connected to the appropriate one of the 
Jerface adapters 410 to 416. Hie first port connector 420 
may be a plug connector extending from the changer 110 on 
aTabk L other end of which is connected to the appro- 
pri^rface adapter 410, 412, 414, 416 by a plug and 

™%:Z C Zon* interface is an MDB compatible 
interface, which implements an MDB protocol toUve 13 of 
me First Version, Aug. 19, 1994, so that the changer 110 can 
m eroperate with the controller 130 if the latter operates to 
S 2 or 3. me controller 130 issues commands to pay out 
coins eSier of a specified type or to a specified value, to 
Setfm^e oTopenta of the changer, and mj request 
specmc status information from the changer Tte MDB 
protocol supports 16 different com values, with the maxi- 
mT value of the largest coin being 255 times the value of 
Smallest coin. The first port connector 420 is connected 
t <?£ interface adapter 410, and comprises a six-way 
MDB connector, with pins connected as follows: 



5 Master Receive (Input to Changer, output from Controller) 

6 COMMON (Signal re turn) 

The MDB signal lines operate on a current loop prin- 
ciple The host (controller 130 ) acts as a current source for 
borii 'the Master Transmit and Master Receive circuits. If the 
ho* sources current into the Master Receive loop, aU 
connected devices can receive the transmitted data, In order 
toTSt, a device closes the loop on the Master Receive 
line which is detected by the host. . 

^ second interface supported by the second interface 
adaoter 412 complies with the Executive protocol defined by 
SSmot ISmcs International Protocol A specification 
CMHtefeScc No. 10102-000304001-PS). The first port 
™ Sector 420 then comprises an Executive Commuiuca- 
20 ^Connector and an Executive Power Connector, with 
pin connections as follows: 



TABLE 3 



Executive Communis rinns Connector 
pj n Function 



30 



35 



1 

2 
3 
4 
5 
6 
7 
8 
9 



TX+ 

RX- 

RX+ 

TX- 

unused 

unused 

unused 



screen 



TABLE 4 



40 



Pin 



Fxecutive Power Connector 
Function 



45 



1 

2 

3-15 



24 V AC 
24 V AC 
Not Connected 



The third interface supported by the third mterf ace 
adaoter 414 complies with the BDV protocol defined by 
staSd BDV001 produced by the BVD committee. The 
port^nnector is AMP Type 350720- (Universal Part 
50 Number). The pin connections are as follows: 



TABLE 5 



BDV Pinout 



55 



Pin 



Function 



TABLE 2 



MDB Connector Pinout 



Pin Function 



1 34 V DC (supply from Host) 

2 0 V DC (supply return) 

4 J^t^eWe (Output from Changer, input to Controller) 



60 



65 



1 

2 
3 
4 
5 
6 
7 
8 
9 



DC Return 
24 V DC 



unused 

TX+ 

TX- 

RX+ 

RX- 

Screen 



The fourth interface adapter 416 implements both the 
European Electromechanical interface defined by the Mars 
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Ernies Internationa! specification 'European Single ^^^^^.^?d£ 

Price and Four Price ft^^^SJ^ ?J » S ^o. be made. In Is way new 

US electromechanical interface as defined in United States caroto ^ 

TRC One Price Electro Mechanical Interface . The shape types oi payment <-<m 

and pinout of the connector varies according to die type of 5 ^ & MDB protocol is not enabled over 

the electromechanical machine. Various P"™*"*** h-S^I? SmicroconwUer 400 communicates wim 

electromechanical interface are configurab kbytej^ tat port ?l pj t 

Tne changer 110 receives power from «he^ntroller ™£ nff ™ ^ t0 communic ate with the additional 

over the first port PI. Tne nucrocontroUer 400 detects to prwcol trorn" device or devices connected to the second 

which of the interface adapters 410 to 416 power is apphei .0 ^^^^^uer receives signals in the MDB 

identifies therefrom the type of mterface m use Software port P2 The ™* converts the received 

the microcontroller 400 from a store widun the ch mg« m ^STS? using a set of conversion rules forming part 
such as an EPROM. The software implements the appro- ^ ^ m ^ changer 110 ^ ^ on me 

priate protocol. _ „„„„„. t „i microcontroller 400. The controller 130 is not able to 

Further inputs 1 to the nucrocontroUer 400 are connected ™^™™ e ependent i y with the additional unit, so that 

tosensonforsensmgmepmsenceand/orpropem^ C ~™ocont?oner converts any information generated 
received by the changer 110. ^ample £om Additional money handling device so that it appears 

sensors may be used to sense propert.es o reeved corns -,va from » have ^ generated by At chang er 

determine whether they are genuine, others detect die -0 10 tt " 0 i formatdecodablebythe controller 130. 

progress of a coin through the mechanism while others 110 ^™ m validalor Ranged to receive and 

l£ die level of corns ^ » val ^EmoTanlmotes is connected via the second port P2 

change is dispensed. Further ouiputs O from the ™cjocon vaJ £ a m which is ^ged t0 reC eive and dis- 

.roller 400 are connected to mechanisms for releasing con* to the changer I ^ ^ 

to be dispensed and directing the corns mto coin tubes or a 25 ^ e ^fa five Wo note, and the validator outputs the 

reject path according to their sensed properties. ™ van d „ m ^ of 

When the MDB protocol is "nplemented over bo* <h jtao£ reco gms ^ ^ ^ ^ fc 

first port PI and the second port W, ^ e [J^? <; ompa ' byte wiU ^ output with a value of 4. The changer 

ible money handling units may be connected either to die a value ^oyte h coins, and outputs 

b us connection B to the second port P2, or to die bus 30 JJ^ ^ t p ' ort pTin units of 5 pence. The value 

connection to the controller 130. The microcontroUer 400 values nrs p delennined scaling fac tor SF, 

detects whether a money handhng unit is connected to die of *es ™ts £ se y J K& ^ ^ contro n er . 130. 

second port P2 by sending a 'POLL' command on the Master which ^ ^ ^ 

Transmitline. If no response h^w^mndrt J^K^ Hence, the units output by the 

time-out period, it is assumed mat there ar e no un«s 35 "JJJ*^ e ua] m value to the units output by the 

connected, and the microcontroUer 400 only handles com- J^J^^ ^^oner 400 converts the units of 

munications over the first port PI. . me m va ii da tor to those of the changer 110 by multiplying 

If aunit is detected as being connected *%™ on d Z ^factoTmput by the operator. In this case, if the exchange 
troUer 400 echoes aU MDB signals received on die second af 5"°^ p ^ ^ 7^ -nee, the factor wiU be 1A70 
port P2 to the first port PI, and echoes all MDE signa* 40 ^^^S^s Euro^S pence, 

received on the first port PI to *e second , port PI ^^^J is by ^ microcontroUer 400 to 

Preferably, the received signals are *cod*^Uandfliec^e J™ 1 a vaJue t0 me appropri ate 

values are stored at least temporarily in memory before convert c acceptance of biUs greater 

being re-encoded without alteration, and tiien outp^As die um* ^^^^ Mentis a command over 
MDB standard is based on a bus connecdon fte addinonj 45 *an 5 Euros m ^ ^ tt ^ 

unit therefore operates as if it were connected t toe bus the_ *^P° me valueas « r . mis command may 

connection of the controUer 130. This mode of operauon accepted and mdi command from Ae controUer 130 

ensures that additional MDB SSKT«E of accumulated credit to £4 sterling.The 

regardless of whether they are connected to the controUer « 400 ^ ^m ^ value of the factor that 

130 or to the changer 110. ; mn i em ents a the biU validator should not accept more than 5.71 Euros, 

In an alternative, the second port P2 m P lem ^ a ™ m ° b is rounded down to an integral number of units.in this 

versionoftheMDBprotocolnotsupportedoverthefirstport which is rounaeo 00 

PI, for example to support units not "£f»»«^j£ ^The changer 110 may accumulate credit before commu- 

version of the MDB protocol imp emented by the controUer M y example, the controUer 

130. In that case, the microcontroUer 400 only echoes those 55 mcatmg ^to tne c ^ ^ ^ ^ 
MDB signals common to both J ™ c Zl "e^and the changer 110 may then accumulate 

'POLL' command from the controUer 130, the microcon ^ fa h d excee ded, a t which pomt 

troUer 400 sends a 'POLL' command to the ^additional umt UtdKSi chwgt due and indicates to 

on the second port P2. If the additional unit responds widi *e chang« r MU msj« ^ ^ ^ ^ ff ^ 

a code indicating a device type not supported by the con- 60 conquer ^ ^ ^ a bfl] validator or 

troUer 130, the microcontroUer 400 replaces this with a code ^J^^cied to the second port P2, the changer 

indicating a similar device type supported by the con«»Uer card ^^^i tfh)nilhatunit * Edition to the value 

130. me microcontroller also converts signals from die "•^r^^^ tec ^ 110 .F*ex«iiple,ifihe 

additional unit, which do not form part of the protocol "J^T 8 ^; ^ valida tor arranged to receive and 

supported by the controUer 130, to signals which are rec- 65 JJJf^Ji-SU as in die efample above, the 

ognised by that protocol. For example, if the addition^ m« vahdate Eno ttuttn ^ ^ ^ ^ m 

is a receiver for an electronic 'purse* or smartcard from vauoator may revci 
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n 

, cca TK» m irm which cassette and tubes have been installed. Alternatively, 
ma y receive a £1 coin, for a vend pnce of £ The ^ desiS, may be such that the mechanism automatically 

controller 400 converts me one unit of value rndtcated onthe Je*Jj my ^ fc fc Qr ^ ^ 

second port P2 to 70 units of 5 Pf 1 "-!^^^^ mfSon couW be provided remotely, or on a card. 

of5pencerepresentingfce£l coin vabda* db ™ ch 110 may alternatively use passive routing 

110, to give 90 units. The vend pnce is 80 urn* so the 5 * ^ wel] ^ m me ve „ding 

microcontroller 400 indicates on die first port FT *£ r vend ^ of fte 245.35, for divert ing the 

has been paid for, and determmes how the lO unrts of change machine ^ Examples of suitable altema- 

shouldbedispensed.Forexample.if ^™«£^"J ^configurations for die coin separator 205 are described 

detects that 50 pence corns are present in one : of the com nve c g N os. 3,844,297 and 4,106,610, which are hereby 

mhes of the changer 110, one com is dispensed from that 10 m U.S. rat. i « • * 

T °U Sange cannot be given to the exact value of with me coin tubes 262-268 

overpayment, the microcontroUer 400 controls the dispens- ^d^nser ^ ^ 

ing of coins as near as possible below the value of the ^^VL given to a customer by the changer 110, 

overpayment. ^^rtinn is under the control of the outputs O from the microcontroller 

As the second port P2 provides an MDB bus ~oon 15 underttie co ^ ^ ^ ^ 

B ,an additional change disposing umt may ^ectedto J~ Tned«pe ^ ^ ^ 

me second port P2 in add uon to a tall vabdato -or card ^ ^ C inU S Pa , Nos . 3 , 8 , 44 15 and 4,367,760, which 
reader, and the microcontroller 400 ^TeVeby incorporated by reference. An alternative con- 
connected to the second Iport P2 to d»»teJ«.F> Ration may use, instead of the changer 110, a com 
example, a Euro coir, dispenser may beconnect^ the J8£ ^ dQes „ ot out change . ,„ such a 

ar.-r jir-^=. ^ s tar - ,o * a M ™ ™ * 

nearest whole number of units. 11ft are FIG. 4 illustrates a vending machine 1 which contains a 

Further details of the changer of the changer 1M» are r of 10 to be dispensed which are stored in an 

illustrated in FIG. 3. The changer comprises a com vahdajo 30 variety c*p ^ ^ ^ a ^ ^ 

200, a coin separator 205 and a com storage region 207 ^ The area ^ ^ fey & apparaws 

coin validator 200 receives inserted coins 21 » £ P w me product mt0 

opening 215. The coin 210 travels along ramp ^220 in ^die 20 wm ^ ^ ^ ^ cuslomer Suilable 

coin validator 200 past sensors such as diose shown at _225 "^delivery apparatus 20 includes vend motors and 

Suitable arrangementsjor sensors 225 >-lude mo^e 35 gjg^^ J*^ weU ^ m the art. Examples 

described in GB 1 397 083 GB 1 443 934, GB 2 25 4 948 solen ^ fa v& ^ Nos 

^TnTele^ t S 58 ,187 PP and4,785,927,whichareherebymcorporatedby 

225 contain information corresponding to the measure^ refe . en ^ d j 40 of me vending machine 1 contains a 

characteristics of the coin such as a coin is diameter . ot 50 and a banknote orbill insert slot 60 which accept 

thickness, metal content and electrom^oc propem^ ^ a vend oper ation. The control panel 40 

Based on these electrical signals, * e ™ croc °»^ £ contains the card acceptor 70 to enable customers to 

able to discriminate whether the com is acceptable, and if so, tomer wim a CTedit or debit card . i„ addition, 

the denomination of the com 210. dft0 45 ^ electronic purse device in the form of a card may be 

If the coin 210 is unacceptable, the microcontroller 400 45 £ card acceptor 70 to initiate a transaction, 

controls a gate 235 to direct the unacceptable com 210 to a ^^^"^ p^vice" is used herein to denote 

reject chute 240. In the ^^e acceptable coms21 0 are The tenn elecn ^p ^ $ £ 

ducted to me coin separator 205 by » 5 ^ e ^ °™ or other darTstoring medium or circuitry, for retaining 

separator 205 may have a number of gates M5,M , ^ J ^ M electromc purse device may be m one of 

251 arranged along a r^,, 253 ^^^^ 5 ° l%£y of shapes, including a key or coin, as well as a card, 

signals from the microcontroUer 400, for diverong the : com am y v currency in a variety of 

respective containers 262, 264 2 ^^ ^ the C ^ A coin retum 80, a bill pay out recess 85 and an item 

may be allowed to proceed along ramp 253 to a patn as ^ ^ ^ a keypa(J ^ ^ ^ provided ^ me control 

leading to a cash box , ^ A 95 0 n the control panel 40 provides 

Each of the containers 262, 264, 266 and « ^ ^ st nictions and information to the customer. Suitable dis- 

form of a coin mbe arranged to store a vemcal stack .of corns msOTcuo , ^ ^ selectively activatable 

of a particular denomination. Although only four containers £ays mcmo^ ^ of ^ 

are shown, any number may be P™** „ display s capable of operating in the environmental condi- 

The coin tubes are arranged within , a J^*^ 0 ^ tions to which automatic transaction systems are typically 

269- such removable cassettes are well known m the art. as uoi» 

an example, a removable cassette is described in GB 2 246 exp ? S s may ^foxe a transaction by depositing coins 

897 A, me contents of which are incorporated heren^ ^by ^J^Jar denominations in the slo^ SO or 60, 

reference. The removable cassette is marked with a code or *Us on pam also insert an electronic 

which indicates the denominations that are accommodated 65 re^ve^ ^^^^3^^^^ acceptor 70 

^orr -S^TSKSrSSZ SSI a On. M payment has been 



